Many studies have evaluated the role of Cryptosporidium spp. in outbreaks of enteric illness, but few studies have evaluated sporadic cryptosporidiosis in the United States. To assess the risk factors for sporadic cryptosporidiosis among immunocompetent persons, a matched case-control study was conducted in seven sites of the Foodborne Diseases Active Surveillance Network (FoodNet) involving 282 persons with laboratoryidentified cryptosporidiosis and 490 age-matched and geographically matched controls. Risk factors included international travel (odds ratio [OR] ‫؍‬ 7.7; 95% confidence interval [95% CI] ‫؍‬ 2.7 to 22.0), contact with cattle (OR ‫؍‬ 3.5; 95% CI ‫؍‬ 1.8 to 6.8), contact with persons >2 to 11 years of age with diarrhea (OR ‫؍‬ 3.0; 95% CI ‫؍‬ 1.5 to 6.2), and freshwater swimming (OR ‫؍‬ 1.9; 95% CI ‫؍‬ 1.049 to 3.5). Eating raw vegetables was protective (OR ‫؍‬ 0.5; 95% CI ‫؍‬ 0.3 to 0.7). This study underscores the need for ongoing public health education to prevent cryptosporidiosis, particularly among travelers, animal handlers, child caregivers, and swimmers, and the need for further assessment of the role of raw vegetables in cryptosporidiosis.
Cryptosporidium sp. is protozoan parasite that causes diarrheal illness via fecal-oral transmission and has an incubation period up to 2 weeks. The first human case was reported in 1976 (1) . By the year 2000, more than 3,000 cases had been reported to the Centers for Disease Control and Prevention (CDC), placing cryptosporidiosis among the top 20 most common nationally notifiable diseases, right behind infection with Escherichia coli O157:H7 (7) .
Cryptosporidium has become a well-known cause of opportunistic infections among AIDS patients (6) and of outbreaks of gastrointestinal disease (1) . However, with data from 1997 and 1998, researchers have estimated that 56% of cryptosporidiosis case-patients detected by active surveillance were not infected with human immunodeficiency virus (HIV), and 90%
were not involved in outbreaks (16) . Therefore, sporadic cryptosporidiosis among immunocompetent persons may represent a significant proportion of the disease burden. To better understand the epidemiology of this disease, we conducted a matched case-control study to evaluate the risk factors for sporadic laboratory-confirmed cryptosporidiosis among immunocompetent persons and to characterize the proportion of sporadic cases in this population that may be attributable to some of these risk factors.
MATERIALS AND METHODS
During 1999 through 2001, seven FoodNet sites in seven states participated in the present study: California, Connecticut, Georgia, Maryland, Minnesota, Oregon, and New York. FoodNet is a collaborative project of the Centers for Disease Control and Prevention (CDC), 10 state health departments, the U.S. Department of Agriculture, and the U.S. Food and Drug Administration (14) . FoodNet monitors trends in food-borne infections by using surveillance for laboratory-confirmed illness caused by several enteric pathogens commonly transmitted through food. Under a protocol approved by CDC and state institutional review boards, case-patients within the FoodNet catchment areas who had positive stool tests for Cryptosporidium oocysts were contacted by telephone and enrolled in the study. Testing occurred in clinical laboratories throughout the FoodNet sites by using acid-fast staining, direct fluorescent antibody staining, or commercial enzyme-linked immunosorbent assay diagnostic kits. Case-patients who were immunocompromised or part of recognized outbreaks of cryptosporidiosis were excluded. Case-patients were categorized as immunocompro-mised if they stated they met one of the following conditions: if they had cancer or were receiving immunosuppressive chemotherapy, if they had a recent or planned organ transplant, if they had HIV/AIDS, or if they had a history of intravenous drug use, long-term steroid use, or illness due to excessive use of alcohol. Outbreak-related case-patients were identified through investigations by health department staff.
Controls were geographically matched by residence within the same FoodNet catchment area and age-matched by the following age categories: Ͻ6 months, 6 to Ͻ12 months, 1 to Ͻ6 years, 6 to Ͻ12 years, 12 to Ͻ18 years, 18 to Ͻ26 years, 26 to Ͻ45 years, 45 to Ͻ65 years, and Ն65 years. Up to two controls were matched to each case, but only one control was recruited per household. Controls Ն1 year of age were recruited by using random or progressive telephone digit dialing anchored on the telephone numbers of the case-patients. Controls Ͻ1 year of age were recruited by using either (i) progressive telephone digit dialing anchored as described above or (ii) vital records for children within the same zip codes as the case-patients, with subsequent enrollment of children whose birth dates were closest to the case-patients' birth dates.
We obtained informed consent from participants and conducted research in accordance with guidelines for human experimentation as specified by the U.S. Department of Health and Human Services. Consent for the interview was obtained directly from the case-patients or controls or from their parents or guardians if the participants were Ͻ18 years of age. FoodNet staff administered a structured questionnaire by telephone to participants Ն12 years of age or to the parents or guardians of participants Ͻ12 years of age. Participants were asked about potential exposures in the 14 days prior to the estimated date of onset of diarrhea in the matched case-patient. Exposures under investigation were grouped into several categories: contact with persons with diarrhea, contact with animals, travel, recreational water, drinking water, and food and beverage consumption. Participants were also asked questions about demographics (i.e., sex, race, ethnicity, degree of urbanization) and health status (i.e., the presence of chronic medical conditions requiring regular medication or regular medical follow-up).
Data were analyzed by using SAS (SAS System for Windows, version 8; SAS Institute, Inc., Cary, N.C.) with multivariate conditional logistic regression based on the Cox proportional hazards model. Crude odds ratio (OR) and 95% confidence interval (95%CI) values were generated for each exposure variable. Adjusted ORs were then generated controlling for demographics, degree of urbanization, and health status. Variables with statistically significant (P Ͻ 0.05) crude ORs and/or those that had biologic plausibility or were known risk factors for immunocompromised persons or persons in outbreak situations were included in larger multivariate models. Interaction was explored and assessed in all multivariate models. Population attributable risks (PARs) were calculated by using results from the final multivariate model.
RESULTS
FoodNet staff identified 983 case-patients during the 2-year study period. Of these, 282 case-patients were enrolled. The majority of excluded case-patients were not enrolled because of the following reasons. Thirty-four percent (n ϭ 238) were excluded because they identified themselves as immunocom- promised. Twelve percent (n ϭ 85) were excluded because they could not be contacted within 31 days of their stool specimen dates or within 6 weeks of onset of diarrhea. A further 12% (n ϭ 83) were excluded because they were involved in known cryptosporidiosis outbreaks. Other reasons included no home phone number (9%, n ϭ 64), subjects were unreachable in 15 attempts (7%, n ϭ 52), subjects refused to participate (6%, n ϭ 39), and 9 other miscellaneous reasons (20%, n ϭ 140). Demographic information was incomplete for 37% of excluded case-patients. Among those with information available, excluded case-patients were significantly more likely to be male (OR ϭ 1.7, P Ͻ 0.01), African American (OR ϭ 5.3, P Ͻ 0.01), Ͻ1 year of age (OR ϭ 48.7, P Ͻ 0.01) or Ͼ25 years of age (OR ϭ 1.9, P Ͻ 0.01), and living in an urban area (OR ϭ 2.0, P Ͻ 0.01) compared to enrolled case-patients. Many excluded case-patients were immunocompromised: 48% of excluded males, 68% of excluded African Americans, 66% of excluded persons Ͼ25 years of age, and 63% of excluded urban dwellers. In addition, 31% of excluded children Ͻ1 year of age were outbreak related.
The 282 enrolled case-patients were matched with 490 controls. Case-patients were mostly white (92%) and non-Hispanic (95%). Approximately half (54%) were males, and 61% were Ͻ18 years of age. About half lived in urban (34%) and suburban (20%) areas, and half (51%) were from Minnesota. There were no statistically significant differences in demographic characteristics between case-patients and controls (Table 1). However, there was a statistically significant difference in the presence of a chronic medical condition that required regular medication or regular medical follow-up. A total of 21% of case-patients and 14% of controls had a chronic medical condition, of which chronic obstructive pulmonary disease, allergies (e.g., hay fever), and hypertension were the top three conditions cited.
The analyses of individual exposure variables are summarized in Table 2 . Cryptosporidiosis was associated with contact with persons Յ2 years of age with diarrhea (OR ϭ 2.7; 95% CI ϭ 1.4 to 5.4), contact with persons Ͼ2 to 11 years of age with diarrhea (OR ϭ 2.6; 95%, CI ϭ 1.5 to 4.5), contact with cattle (OR ϭ 3.4; 95% CI ϭ 2.0 to 5.8), international travel (OR ϭ 7.8; 95%CI ϭ 3.3 to 18.4), and swimming in untreated freshwater (OR ϭ 1.6; 95% CI ϭ 1.0 to 2.5) and marine venues (OR ϭ 2.6; 95% CI ϭ 1.2 to 5.6). In an analysis of a subset of persons who swam in pools, swimming in a home pool was protective (OR ϭ 0.2; 95% CI ϭ 0.05 to 1.0) and swimming in a positive pool was a risk factor (OR ϭ 3.7; 95% CI ϭ 1.0 to 13.4). Filtering drinking water (OR ϭ 0.6; 95% CI ϭ 0.4 to 0.9) and consumption of raw vegetables (OR ϭ 0.5; 95% CI ϭ 0.3 to 0.7), lettuce or garden salads (OR ϭ 0.6; 95% CI ϭ 0.4 to 0.9), other salads (OR ϭ 0.6; 95% CI ϭ 0.4 to 0.9), and cold protein salads (OR ϭ 0.7; 95% CI ϭ 0.5 to 1.0) were also protective factors.
Since half of the study participants came from Minnesota, we also examined every variable according to residence in Minnesota or residence in the other six states. Well water consumption (OR ϭ 2.1; 95% CI ϭ 1.2 to 3.7), contact with ill children Յ2 years of age (OR ϭ 3.9; 95% CI ϭ 1.4 to 11.3), and contact with ill children Ͼ 2 to 11 years of age (OR ϭ 5.2; 95% CI ϭ 2.1 to 12.9) were significant risk factors in Minnesota but not outside Minnesota. Swimming in general (OR ϭ 2.9; 95% CI ϭ 1.5 to 5.5), swimming in freshwater (OR ϭ 2.9; 95% CI ϭ 1.2 to 6.9), and any travel (OR ϭ 1.8; 95% CI ϭ 1.1 to 2.9) were significant risk factors outside Minnesota but not in Minnesota.
The results of the final multivariate model are summarized in Table 3 . In this final model, contact with persons Ͼ2 to 11 years of age with diarrhea (OR ϭ 3.0; 95% CI ϭ 1.5 to 6.2), contact with cattle (OR ϭ 3.5; 95%CI ϭ 1.8 to 6.8), international travel (OR ϭ 7.7; 95% CI ϭ 2.7 to 22.0), and swimming in freshwater (OR ϭ 1.9; 95% CI ϭ 1.0 to 3.5) remained as significant risk factors. Raw vegetable consumption (OR ϭ 0.5; 95% CI ϭ 0.3 to 0.7) remained as a protective factor. The presence of a chronic medical condition (OR ϭ 2.2; 95% CI ϭ 1.2 to 4.0) was also statistically significant.
The analysis was repeated excluding the 33 case-patients and 8 controls who had traveled internationally in the 2 weeks prior to the onset of diarrhea in the matched case-patient. The exclusion of international travelers did not change the outcome of the multivariate analysis, and the same significant variables remained with only minor differences in the values of the ORs (Table 4) .
We found a seasonal pattern in the month of onset of diarrhea among our enrolled case-patients. The majority of cases (65%) occurred during the summer months of June through September (Fig. 1) . This pattern was similar for both children Ͻ18 years of age and adults Ն18 years of age. We examined the variables in the final multivariate model with respect to season and found that drinking well water (OR ϭ 2.1; 95% CI ϭ 1.1 to 4.4), swimming in freshwater (OR ϭ 2.1; 95% CI ϭ 1.1 to 4.0), and contact with persons Ͼ2 to 11 years of age with diarrhea (OR ϭ 2.8; 95% CI ϭ 1.1 to 7.3) were significant risk factors during the summer from the end of May through the middle of September (accounting for the incubation period), whereas they were not significant during the remainder of the year in nonsummer months. International travel and contact with cattle were risk factors both during summer and nonsummer months. Raw vegetable consumption also was a protective factor regardless of the season.
We used results from the final multivariate model to calculate PARs. The largest proportion of the sporadic cryptosporidiosis cases in this population may have been attributable to contact with cattle (PAR ϭ 16%). A smaller proportion may have been associated with international travel (PAR ϭ 11%) and with contact with persons Ͼ2 to 11 years of age with diarrhea (PAR ϭ 10%). Fresh water swimming (PAR ϭ 10%) had a PAR comparable to these two better-known risk factors.
DISCUSSION
Person-to-person spread of Cryptosporidium spp. is thought to be one of the most common modes of transmission (21) . We found significant risk for persons in contact with children Ͼ2 to 11 years of age with diarrhea. In contrast, we found no significant risk of transmission from contact with older children and adults. This suggests that the risk of transmission is influenced by the age of the index case. Young age is probably a surrogate for inadequate hygiene, fecal incontinence, and the need for more assistance during illness (27) .
Contact with cattle was a risk factor for cryptosporidiosis, whereas contacts with numerous other animals, including dogs, cats, sheep, goats, pigs, horses, reptiles, and birds, showed no significant associations. The transmission of cryptosporidia (3, 33) . Travel, particularly international travel, is a recognized risk factor for cryptosporidiosis (20) . Although domestic travel was not a risk factor in our study, international travel was highly associated with cryptosporidiosis. However, when international travelers were excluded from the analyses, the multivariate risk and protective factors remained the same for noninternational travelers. In particular, freshwater swimming was found to be a risk both domestically and internationally.
Swimming in freshwater was a risk for sporadic disease in on September 9, 2017 by guest http://jcm.asm.org/ our study, unlike swimming in pools and water parks. This finding differs from surveillance data. From 1991 through 2000, 90% of recreational water cryptosporidiosis outbreaks reported to the CDC were associated with swimming pools and water parks, whereas only 10% were associated with freshwater venues (8) (9) (10) (11) (12) . Perhaps the transmission patterns in chlorinated recreational water venues favor outbreaks over sporadic cases. High bather densities with routine use of recreational waters by incontinent persons, including diapered children and toddlers, coupled with oocyst resistance to chlorine, a low infectious dose, and immediate release of potentially large numbers of oocysts from a single fecal accident into small volumes of water relative to lakes and oceans likely facilitate outbreaks in public pools and water parks (19) . Another explanation may be that cases associated with freshwater swimming were actually not sporadic but rather were part of unknown or unreported outbreaks and therefore should have been excluded. To further explore the risks for sporadic cryptosporidiosis associated with swimming pools, we performed a subset analysis only with persons who swam in pools. Swimming in a home pool showed a negative association that reached statistical significance in univariate analysis. Swimming in a private pool (e.g., pools in clubs, apartment complexes, and motels) was a significant risk factor. Swimming in a backyard kiddie wading pool had an OR that was greater than 3 but failed to reach statistical significance. These findings mirror the types of recreational outbreaks seen in the 1990s. Of the 29 pool-related outbreaks not involving water parks that were reported to the CDC from 1991 through 2000, 28 (97%) occurred in public-use pools (including private pools as defined above) and only one (3%) occurred in a home pool (8) (9) (10) (11) (12) . Personal-use home pools are smaller venues holding fewer bathers so the risk of fecal contamination at any given time is less compared to public-use pools. Home pool outbreaks also may not be as readily detected as public pool outbreaks.
None of the drinking water source variables in our study were significantly associated with the development of cryptosporidiosis. Nevertheless, contaminated drinking water is a known risk factor. From 1991 through 2000, 11 drinking water outbreaks were reported to the CDC, including the 1993 Milwaukee outbreak that affected more than 400,000 persons (8) (9) (10) (11) (12) 26) . Cryptosporidium oocysts are estimated to be present in 55 to 87% of surface waters tested in the United States, suggesting that low-level endemic transmission may occur through drinking water (21, 24, 32) . One study using a risk assessment model to examine the potential role of tap water in transmission of endemic cryptosporidiosis in immunocompetent adults predicted a median annual risk of infection of approximately 1 in 1,000 (29) .
The association between filtering drinking water and cryptosporidiosis was not statistically significant in multivariate analysis (including and excluding international travelers), although filtering was a protective factor in univariate analysis. A study during the 1993 Milwaukee outbreak also found that consistent use of point-of-use home filters with a pore size of Յ1 m substantially reduced the risk of cryptosporidiosis (2) . Further investigation is needed to assess the association between filtering and drinking water.
Finally, we found that raw vegetable consumption was a protective factor, seemingly contradicting much of the available data on food-borne transmission of this disease. CDC's Foodborne Disease Outbreak Surveillance System documented eight food-borne-related cryptosporidiosis outbreaks from 1990 through 2000 (13) . Cryptosporidium oocysts have been detected in irrigation water in Central America, the United States, Israel, and Norway (4, 31, 34) . Oocysts also have been found on the surface of vegetables irrigated with these waters (4, 31) . Therefore, evidence suggests that fresh produce consumption is a risk factor, at least in outbreak situations. However, others have observed that consumption of fresh produce may reduce the risk for cryptosporidiosis. A recent Australian study identified the consumption of uncooked carrots as a protective factor (crude OR ϭ 0.6; 95% CI ϭ 0.5 to 0.9) for sporadic cryptosporidiosis (30) . Several outbreaks studied in the United Kingdom also revealed a protective association with the regular consumption of raw vegetables (5). The reason for this protective association is unknown. One explanation may be that regular consumption of oocystcontaminated vegetables results in immunity to illness from Cryptosporidium infection. Serologic responses have been shown to develop after both symptomatic and asymptomatic infections. Although preexisting antibody responses may not protect against subsequent infection, they may protect against subsequent illness (28) . Studies have suggested that the seroprevalence of Cryptosporidium antibodies in immunocompetent persons in the United States may range from 13 to 58% (23), representing past Cryptosporidium infection and not necessarily disease. The 50% infectious dose of Cryptosporidium oocysts as determined by oocyst detection in stool has been estimated to be 132 oocysts (17) but may be substantially lower by serology (28) . Therefore, perhaps recurrent exposure to low doses of oocysts, such as on contaminated vegetables, results in asymptomatic infection or mild illness with resulting immunity to subsequent cryptosporidiosis.
Another explanation may be that dietary fiber plays a physiologic role. Experimental evidence revealed that gerbils fed high fiber diets were significantly less likely to become infected with Giardia, another protozoan parasite. The researchers concluded that mucus secretion and bulk movement of insoluble fiber reduced the attachment of Giardia trophozoites to the intestinal mucosa (25) . Therefore, perhaps raw vegetables protect against cryptosporidiosis due to physiologic changes they induce in the gut.
Cryptosporidiosis has been previously recognized to have a seasonal pattern, with an increase in cases in North America during the summer (5). We found a similar increase in the number of enrolled case-patients with onsets on diarrhea from June through September. The seasonal risk for cryptosporidiosis associated with well water consumption and freshwater swimming during the summer may reflect indirect effects of rainfall, farming events such as calving, and environmental pollution of water supplies with farm waste (5).
The present study had a number of limitations. First, because of the long incubation period and delays in diagnosis, some participants were questioned about experiences several weeks in the past. However, case-patients and their matched controls were required to remember events equally distant in the past, so differential bias should not have been introduced. Second, more than 100 different exposure questions were in- (15) . However, the inclusion of asymptomatic cases among our controls would likely have underestimated the true risk of cryptosporidiosis. Fourth, we did not have the ability to genotype the Cryptosporidium sp. identified in each case-patient. Therefore, we cannot comment on any differences in epidemiology between sporadic cases associated with bovine and human species. Fifth, the generalizability of our results may be limited for several reasons: the seven FoodNet sites used in our study do not comprise a nationally representative sample, the study participants were mostly white and non-Hispanic, and half of the participants came from Minnesota. To address this last concern, we analyzed the exposure variables by residence in Minnesota versus residence in one of the other six states. We found that the risk factors that differed between the two areas (i.e., well water consumption, contact with ill children, swimming, and travel) were common behaviors that would have occurred among residents of both areas. Therefore, the geographic differences were probably the result of limited study size and power rather than of exposure and activity patterns. Our findings in this multistate case-control study suggest that the risk factors associated with sporadic cryptosporidiosis in immunocompetent persons are similar to those previously seen in immunocompromised and outbreak-related case-patients. The only exception may be the protective effect of raw vegetable consumption. Further investigation is needed to understand the mechanism and meaning of this association. Although a substantial proportion of the burden of sporadic cryptosporidiosis in our study population may have been attributable to contact with cattle, contact with children with diarrhea, and international travel, the PAR associated with swimming in freshwater appears to be similar and, therefore, requires similar efforts at public health education and intervention. Furthermore, the risks associated with swimming in nonchlorinated venues have implications for setting recreational water quality standards. Health providers and the general public need to be aware of the multiple modes of Cryptosporidium transmission in order to achieve a reduction in cryptosporidiosis cases in sporadic, opportunistic, and outbreak settings.
